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Abstract— Reactive silencers, which are commonly used in 

automotive applications, reflect the sound waves back 

towards the source and prevent sound from being transmitted 

along the pipe. Reactive silencer design is based either on the 

principle of a Helmholtz resonator or an expansion chamber, 

and requires the use of acoustic transmission line theory. 

Structure of current silencers involves a drawback which is 

essentially focused on the fact that silencers are large if they 

are to be acoustically effective, which in turn means that they 

are heavy in relation to the power of engines. More 

specifically, this problem is because current silencers require 

a large volume of air to be able to dissipate the frequencies 

generated by the exhaust gases from the engine. Therefore, in 

order to obtain a certain acoustic performance a very large 

and therefore very heavy silencer is required. The dimensions 

required for silencers are also determined by the need to 

maintain certain counter pressure levels. The objective of the 

invention is to obtain a silencer with optimal acoustic 

performance in relation to its size or volume, as well as a 

reduction in the counter pressure to the flow of gases, i.e. 

while at the same time reducing the noise, it also minimizes 

the power it takes away from the engine of the vehicle. By 

Mathematical modeling we will calculate dimensions of the 

silencer; modeling will be done in CAD modeling package, 

stress analysis is to be done using Finite Element Analysis. 

Experimental analysis will be done on prototype by 

application of 35 cc engine to determine noise level (dB) and 

validate flow rate of exhaust gases, pressure drop across 

silencer, temperature gradient. 
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I. INTRODUCTION 

Internal combustion engines play a major part in the 

development of any country but with this the problem of 

noise pollution arises. This noise pollution level can be 

greater than 80 dB which is injurious for human ears. The 

main cause for this pollution is the exhaust noise and the noise 

because of the friction occurring inside the engines, etc. The 

preceding factor is the major reason behind these noises. 

Road traffic noise is caused by the blend of rolling noise 

(arising from tyre road interaction) and propulsion noise 

(comprising engine noise, exhaust system and intake noise). 

Controlling these noise sources, which contributes to the 

globally emitted engine noise is the subject of stringent road 

noise regulations which is being updated year by year. The 

propulsion noise comprises of combustion, mechanical noise 

and the noise radiated from the open terminations of the 

intake and exhaust systems which is caused by the pressure 

pulses generated by the periodic charging and discharging 

process, which propagates to the open ends of the duct system 

(Pulse noise), and the mean flow in the duct system, which 

generates significant turbulence and vortex shedding at 

geometrical discontinuities (Flow generated noise). Mufflers 

play an important role in reducing the exhaust and intake 

system noise and as a result, a lot of research is done to 

designing these systems effectively. The traditional “build & 

test” procedure which is time taking and expensive, can 

nowadays be assisted by numerical simulation models which 

are capable of predicting the performance of several different 

muffling systems in a short time. 

 
Fig. 1: cut section of muffler. 

Exhaust mufflers are used by most automobile industries 

which can somehow reduce some noise but 100% efficiency 

is not reached. The muffler is a part of the exhaust system that 

is generally located under the car chassis and installed 

lengthwise along the vehicle. Due to the space restrictions, 

there is a constant room for improvement so that the acoustic 

performance of a muffler improves without changing its 

dimension. For this very reasons, many researchers till now 

are optimizing the designs. 

A. Reactive Silencer: 

An exhaust silencer for automobile vehicles, of the type 

incorporating a casing determining a gas tight chamber, based 

on a tubular frame and two end covers, and of those having a 

gas intake pipe and at least one outlet pipe for such gases, 

characterized in that the gas intake is located in the middle 

area of the tubular frame, said intake opening out into an 

expansion chamber, on the back wall of which the gases 

collide, which back wall being carried out in a multi-

resonating membrane outside of which the chamber formed 

by the casing is filled in this area with an absorbent material, 

two outlet pipes being arranged on one side of the mentioned 

intake, perpendicular thereto and connected therewith 

through the mentioned expansion chamber, which outlet 

pipes internally house respective high frequency multi-

resonators, whereas a Helmholtz resonator neck is arranged 

opposite to said outlets which opens out into an anti-

resonating chamber located opposite to the gas outlets. 
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An exhaust silencer for automotive vehicles 

according to claim 1,characterized in that arranged between 

the multi-resonating membrane and the absorbent material 

there is a layer of steel wool stabilizing said absorbent 

material, also having provided that this absorbent material 

also surrounds both the outlet pipes and the resonator neck. 

 
Fig. 2: construction of reactive silencer 

An exhaust silencer for automotive vehicles according to the 

previous claims, characterized in that the empty anti-

resonating chamber affects a little less than half the casing 

opposite to the outlet pipes, said anti-resonating chamber 

together with the resonator neck defining a dampener for the 

frequencies causing noise that bothers the ears, while at the 

same time the multi-resonating membrane filters high and 

middle frequencies as the gases collide on it. The charcoal 

filter acts as active carbon absorber that frees the exhaust 

gases discharged to atmosphere of carbon particles suspended 

as soot in the exhaust gases. 

II. OBJECTIVE & METHODOLOGY 

Objectives of current project work are given below; 

A. Objectives: 

1) Problem statement, solution proposal and review of 

literature of silencer and mufflers for application of 

reactive silencer. 

2) Selection of engine for application of reactive silencer. 

3) Mathematical modeling of muffler to determine the inlet 

pipe, casing, muffler tail pipe etc dimensions. 

4) Design of various components using 3D modeling. 

5) Selection of material for various components. 

6) Analysis of system components using ANSYS. 

7) Finite Element Analysis of finalized design. 

8) Manufacturing of model Experimental validation of 

results. 

B. Methodology: 

Proposed work aims to investigate the effect of reactive type 

resonator chamber muffler for IC engines. The proposed 

work is planned to be carried out in following distinct phases, 

steps in project execution given below; 

 

III. LITERATURE REVIEW 

Design of Reactive type resonator chamber muffler is a area 

of interest of many researchers. Continuously increasing in 

use of Automobiles leads to the generation of Air as well 

Noise pollution. So it is the need of the generation to obtain a 

silencer with optimal acoustic performance in relation to its 

size or volume, as well as a reduction in the counter pressure 

to the flow of gases, i.e. while at the same time reducing the 

noise, it also minimizes the power it takes away from the 

engine of the vehicle. Following are the functional 

requirements of muffler design; 

1) Adequate insertion loss 

2) 2. Backpressure 

3) 3. Durability 

4) 4. Desired sound 

5) 5. Cost 

6) 6. Shape & Style 

Some of the potential researches are studied & reviewed 

below; 

M. Rahman have developed a muffler have been 

designed which is of supercritical grade type and includes all 

the three attenuation principles i.e., reactive, followed by 

absorptive type muffler, and a side branch resonator. For the 

experiment, an existing petrol engine has been used. 

Calculations are done on the basis of data collected from the 

engine.  They found that the muffler is capable of attenuating 

noise by about 25 to 35 dBA. The muffler is designed to 

attenuate both high and low frequency noises. [1] 

A. G. Doijode have investigated  the pulsating flow 

from each cylinder's exhaust process of automobile engine 

sets up pressure waves in the exhaust system having average 

pressure levels higher than the atmospheric. The pressure 

waves propagate at speed of the sound relative to the moving 

exhaust gas, which escapes with a high velocity producing an 

objectionable exhaust noise. A suitably designed exhaust 

muffler accomplishes the muffling of this exhaust noise. They 

found that the analysis is an integral step during the 
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calculation of TL using BEM. The acoustic modes of the 

muffler could be obtained by performing a BEM analysis in 

SYSNOISE. Acoustic finite element analysis is not a part the 

boundary element analysis, which is used to calculate the TL. 

This analysis is performed only to obtain a better 

understanding of the system behavior. [2]   

Shubham Pal has proposed that the designed muffler 

is used a tunable resonator which is resembles to a cylinder 

piston arrangement. The length of the resonator can be varied 

by pulling the piston rod and can be set any position at which 

the noise reduction to maximum by tightening the screw. 

Advantages of this resonator are that, it is fitted along the line 

of muffler and directly after the inlet pipe so that it can cancel 

the noise of higher altitude as they enter the muffler. [3] 

Ankit Singh has proposed that by using mufflers 

they can save the power and reduce the knock in the IC 

engine. They can also save the large amount of sound 

pollution and heat energy through muffler. Exhaust gases are 

utilized by mufflers in the form of heat energy, mechanical 

and electrical energy in I.C engine. Muffler can reduce sound 

pressure 8 db to14 db. The biggest advantage is to improve 

the environmental condition of ambient. Larger the diameter 

of the pipe hole, low value of back pressure and hence lower 

will be the transmission loss which makes the vehicle highly 

instance sound. [4] 

A. W. Wankhade has proposed a simple in 

construction, effective silencing device, which can achieve 

good results in minimizing the noise. The acoustic analysis is 

one of the methods which help to analyses the sound level at 

the tail pipe. This optimization revises acoustic analysis of 

muffler using Finite Element Analysis. The muffler is 

modelled in ‘PRO E Wildfire 5.0 and ‘COMSOL 

MULTIPHYSICS’ is used for acoustic analysis also 

concluded that Comparison of model by using FEM analysis 

shows that there is good agreement between experimental and 

FEM results. Analysis of elliptical chamber muffler with 

extended inlet extended outlet shows that extension of inlet 

and outlet had a considerable effect on TL. L9 Taguchi OA is 

used to analyze the muffler. S/N ratio analysis gives optimum 

value of dimensions of muffler which gives maximum 

transmission loss. After inserting extra divided inlet tube in 

elliptical chamber muffler with extended inlet outlet, TL 

increases compared to muffler without tube in the initial 

frequency range (1-400Hz) and also the average TL increases 

in the range 1-1500Hz. [5] 

G.R. Gillich and Ovidiu Vasile has studied that 

pressure-wave propagation in a muffler for an internal 

combustion engine in case of a lined muffler and for a non-

lined muffler. Sound pressure levels were represented for two 

different geometrical situations and show finite elements 

analysis of both inductive and resistive damping in pressure 

acoustics also concluded that model uses the Pressure 

Acoustics physics interface of the Acoustics Module. This 

interface has the Delany-Bazley coefficients built in. 

Therefore, the only damping parameter you need to supply is 

the flow resistivity. The parametric solver provides results for 

a range of frequencies. The software computes integrals in the 

power expressions using boundary integration coupling 

variables, and it plots the resulting attenuation versus 

frequency. [6] 

P. Bhattacharya has found that a pollutant of concern 

to the mankind is the exhaust noise in the internal combustion 

engine. However this noise can be reduced sufficiently by 

means of a well designed muffler. They concludes the 

suitable design and development will help to reduce the noise 

level, but at the same time the performance of the engine 

should not be hampered by the back pressure caused by the 

muffler. Reduction of noise level is around 15db compared to 

existing muffler. The Brake Thermal Efficiency of engine is 

higher for modified and fabricated muffler as compared to 

existing muffler. The Brake Specific Fuel Consumption is 

low compared to existing muffler. The Fuel Consumption is 

less compared to existing muffler. [7] 

Potente, Daniel has stated that a vehicle muffler 

should be designed to meet all the functional requirements. 

Adequate insertion loss, minimal backpressure, space 

constraints be durable produce the desirable sound, be cost 

effective and be as theatrically pleasing. [8] 

A.A. Igolkin have investigated that the main 

principles of reducing the noise of power engineering 

equipment. The efficiency of using mufflers for reducing the 

exhaust noise of power engineering equipment is justified. A 

mathematical model is developed which makes it possible to 

calculate the efficiency of a noise muffler and the time of 

pressure drop in a pneumo receiver with regard to an exhaust 

noise muffler installed. Design pressure dependences agree 

well with the experimental data, which testifies to the 

adequacy of the proposed calculation procedure. [9] 

Jin Woo Lee, Yoon Young Kim has formulated the 

acoustical topology optimization problem for an optimal 

reactive muffler considering the presence of the temperature 

gradient. Optimal topologies were obtained successfully for 

three types of temperature profiles. The transmission loss 

values at the target frequency were increased very well in 

their three cases. If heat transfer phenomenon is considered, 

an innovative topology optimization based muffler design 

method could be introduced in the future. [10]  

Fangsen Cui studied the effect of porosity, length 

and diameter of perforated tube on the transmission loss of 

muffler. The result shows that transmission loss for large 

porosity is good for low frequency and small porosity is good 

for high frequency. Also the transmission loss increase with 

length of tube at high frequency but for small frequency effect 

of perforated tube length is not monotonous. [11]  

Nawaf H. Saeid performed the numerical simulation 

to examine the effect of perforation on acoustical 

performance of muffler. The author studied the effect of 

perforated hole diameter and length of perforated tube on 

transmission loss. In his work he considered three different 

perforated tube of hole diameters 6 mm, 9mm and 12 mm. He 

also varied the length of tube to analyze the effect of tube 

length on transmission loss. He concluded that transmission 

loss is dependent to perforated hole or length of perforated 

tube. The transmission loss is increases with increase in either 

perforated hole or length of perforated tube. [12] 

Wonnacott E.J. used the recommendations and 

established theory to analyze and manufactured a series of 

efficient muffler for general vehicle and stationary engine 

use. The recommended design step has generally been found 

to be flexible in its application and the silencers thus designed 

appear to have distinct advantages over their current counter 

parts in relation to design simplicity, easy to manufacture and 

consistent attenuation performance throughout their useful 

life. [13] 



Design Development and Analysis of Reactive Type Resonator Chamber Muffler for IC Engines a Review 

 (IJSRD/Vol. 4/Issue 01/2016/170) 

 

 All rights reserved by www.ijsrd.com 618 

Nakra B.C. Said W.K. and Nassir A. experimented 

on reactive types of muffler and their combinations with 

absorption type muffler, in order to find out their noise 

attenuation characteristics. Tests were performed on a test rig, 

with highly intensive sound (loud speaker) as an input source 

as well as a four stroke four cylinder diesel engine. The 

frequency spectrums of attenuation levels, obtained 

experimentally, were compared with corresponding 

theoretical calculations.[14]  

Higgs Benjamin and Rupke Ryan designed the 

muffler. The primary objective of this project is to develop a 

muffler system to fulfil the demanding needs of a Formula 

SAE prototype race car is development of the FSAE 

standards as they related to noise control system. [15] 

IV. CONCLSION 

Reactive silencers, which are commonly used in automotive 

applications, reflect the sound waves back towards the source 

and prevent sound from being transmitted along the pipe. 

Silencers are used for all internal combustion engine, in 

variety of application ranging from automobile to agriculture 

application. As is well known, current silencers intended for 

being intercalated in a vehicle exhaust system are structured, 

among other technologies, by means of a casing based on a 

tubular frame with two end covers.  The objective of the 

invention is to obtain a silencer with optimal acoustic 

performance in relation to its size or volume, as well as a 

reduction in the counter pressure to the flow of gases. Design 

includes continuous volume reduction of chambers in the 

reactive part; the flow pipe cross-sectional area is maintained 

constant throughout. The lot of research was done on the 

muffler but it is separately. 
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